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Introduction

Shortly after the high al'zitude nuclear bomb explosion

last sum_ner called Starfish, i_ became obvious that a band

of trapped radiation had been i_roduced. This was no

surprise. There had been three artificial belts made previous

to this one. In 1958 the U.S. had exploded three high altitude

bombs in the South Atlantic. For some time before this,

_icholas Christofilos, a physicist at the Radiation Laboratory

at Livermore, had worked on Project Sherwood - the attempt

to control the power of an H bomb to make an industrial power

station. To contain the inten_ely hot material used in

Sherwood experiments no walls can be used. They would melt.

_iagnetic fields are used - sha_ed into "magnetic bottles" to

contain the particles. Such a bottle as that used in Fig. 1

has been used successfully to contain hot electrons and protons

for short times. The particle_ eventually leak out of the
0

magnetic bottle, _ostly throu_h the ends, but they are contained

for a tine. Chris_ofilos took this idea fop a laboratory-size

_nagnetic bottle and ex_}anded it to earth size. He suggested

that the earth's magnetic f_eld should be able to contain and

trap energetic particles and s_owed that a nuclear explosion

would b6 a reasonable source of particles to populate the

terrestrial bottle. This suggestion led to the Argus

experiments.

The planning for Argus was well underway before the

discovery bT Van Allen of the natural radiation belt. In the

Argus planning sessions it had been suggested that a natural
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belt might e_ist around the earth, which was of course

borne out by the Explorer I and Explorer III satellites.

The Argu_ explosions vTere conducted specifically to

study the injection of particles into the earth's magnetic

field. After each of the three explosions, trapped particles

were observed by Van Allen on the Explorer IV satellite, so

that artificial belts were no novelty in 1962. But the

Starfish belt was much more intense and more extended in

space than the Argus belts, so it represented more of a

problem.

V_at is there about a n_c_e_r explosion that produces a

radiation belt? The radiation belts, both artificial and

natural, are merely collect_ons of high energy protons and

electrons. _ nuclear explosion releases a large number of

energetic pa_'ticles. When a uranium nucleus fissions into

two lighter huclei the fission fragments that are formed are

unstable_ They _eco_ne stable bF e_ittin_ fast electrons.

Th_s_-decav _roces_ _ _. _)ro_._ee_ about o _7screens per fission

frag:aent. T)_e electrons forucd have _norgIss _oinz up to

7 or 8 _,_evw;ith an everage energy of about 1 _,_ov. The first

electron is i_iven off in about 1 second, and after seconds

percent of the electrons have been produced. The debris

from a high altitude explosion expands at around %00 km/sec,

so the elect:_ons emitted by the fission fragments can appear

some distanc_ away from the explosion. :_easurements on the

energies of _he new electrons at 1000 km altitude after the

Starfish explosion show that most of them have come from

_ -decay of Cission fragments.
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A second possible source cf particles for the artificial

radiation b._lt is neutrons. Larse numbers of neutrons are

also _iven off by a nuclear explosion.

A fission bomb works by a neutron splitting a uranium

nucleus - t_e fission process liberates several neutrons,

some of which in turn pro-luce more fissions, making a chain

reaction, l[n this process many of the neutrons produced leak

out of the bozb. About lO 2_ neutrons are released by a

one kiloton explosion. The neutron is radioactive. When

bound up in an atomic nucleus it is stable, but by itself it

decays with a half life of about lO minutes into a proton,

an electron, and a noutrlno. Fission neutrons have energles

of about 1 ..or and a velocity of about lO 9 cm/sec. It will

take them about 5 seconds to travel 50,000 Icu to get out of

the region <f space vThere the r_diation belts are. In this

time about one percent of _" -__n_ neutrons released by the

explosion w_ll decay to for_n el3ctrons and protons. The

protons will have energies of a0out 1 _ev and fluxes of

lO 4 particle.s per squ_re cm ._er second. In _eneral, these

protons arc not of _nterest, be:ause they will not penetrate

any appreciable thickness of matter, and therefore don't add

to the radiation proble_ns. The electrons rqade by neutron

decay have _nergies up to .8 ,_ev, but they are considerably

zero penotr_tins th_n protons. Those electrons do contribute

to the artificial belt, but thei_ do not appear to represent

an i_Iportant fraction of the source. Fission fragment decay

appears to be the major electron source.
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Par_ici_ _io1_on

In order cc _udcrztand _vhat happGns to _ho 3!_ctrons

introduced _nto the. field by th_ explosion we have to know

how a particle moves in a magnetic field. Fi_s. 2 shov:s the

_iotlon. Th_ motion can be broken down into three comoonents,

(1) gyration around a field llne, (2) bouncin_ back and

forth alo_k_ a field line, and (3) drifting in longitude

around the _arth.

The ele_trons are made to move in a circle by the magnetic

field, just as particles do in a cyclotron. The electrons

gyrate around a field line in _bout one millionth of a

_ccond. Thief bounce bacP and forth alon_s a field llne about

once a seco_.i. VJhat causes th( _ bouncin_ _notion? The process

is uoderateLy similar to the o_eration of a cornel _ reflector

in radar. The radar waves ent(_r _he reflector, bounce several

times, and _eturn in the direction they came from. In the

-_agnetic mlrr, or, the particles _noving into a rezion of

increaslnz nagn_tlc field, ",vhcre the field lines are converging,
I

feel a forc_ _hat turn the_._ a_ound and nakc then move out

of _he convorgln_ field. This reflection process is caused

by a magnetic force si:ailar to the force that makes a particle

move in a circle in a cyclotron (s_e Fig. 3). A particle

_noving with velocity V (into the paper) _1oves in the circle

sho_-n duc _o the magnetic _,_,__" _ component BI_ . _ut in the

convorging field sho'_'n, the fi_!d component B/. acts on the

particle t¢_ produce a force _oecpendlcular to both V and B_.
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and directed so that it forces the particle out of the

converging uagnetic field. In a Sherwood machine (Fig. l)

the particles _ove toward a converging field at one end, are

reflected, move to the other end of the machine and are

reflected again. Because of this, it is called a magnetic

mirror machine. The point of reflection is called the

_irror point. The particle oscillates between its mirror

points much as a pendulum oscillates back and forth, acted

on by the force of gravity. The earth's magnetic fleld.is a

similar magnetic morror machine., bent in a crescent. Charged

particles injected into the earth's field will bounce back and

forth between two _lirror point_ and stay trapped for a long time.

Besides gyrating and bouncing, the particles drift in

longitude around the earth. The time it takes for one

revolution depends upon the energy of the particle, but is

about an hour for a typical elcctron. A reason for the

drifting motion can be seen in Fig. 3. At the high altitude

side of the particles' gyration the magnetic field is weaker

and therefore the radius of curvature larger. This makes

_.t side'.Jays. Z_Ioctrons drift east due tothe particle _

this effect and protons drift west. Particles with different

velocities :ill drift at different rates.

The family of magnetic ficid lines on which a particle

drifts around the carom is lab(_led by a value of L. For

......... t_e family of lines that has an average _quatorial

distance fro_ the center of thc_ earth of two earth radii has

Lm2. They intersect the earth_'s surface at 45 ° magnetic latitude.



From a n_ow!odgc of the _otion of partlc!os, _ can tell

::hat _:rill h_ppen to particles _,ut Into the field. A pulse

of new particles, as from a boz_b, will, in a few seconds,

distribute ohemselves along a field line _nd in a few hours

will drift around the earth several times and disperse In

longitude b_cause of their different drift rates. This will

form a blanket of particles surrounding the earth. If the

soul_ce of p_rticles _s rather limited in extent, then the

blanket wllL be thin. This was the actual situation in the

Argus experlment, where the blsn1<et shown in Fig. _ was only

about 100 _cI thick at low altitudes and had L =_. For

Starfish th_ blanket was quite thick.

Early }{isto,_ of the Starfish _=elt

i_ow tha_ we have a feeling what ought to happen to the

particles, lot us see what the observations after Starfish

indicated.

Within _ matter of seconds after the explosion, aurorae

_vere seen i::_Samoa. These aurorae were caused by electrons

from the ex>losion that leaked out the holes in the earth's

._.or and entered the atmosphere.magnetic _ The electrons

collided _Ji;_h air atoms and excited them to emlt light. Aurorae

were also s_on at the times of the Argus explosions. Rockets

hava been flown into natural aurorae and energetic electrons

found, so ti_is process of electrons making aurors_ is well

established.
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_.rounc-,J_._ed eq_p_en_ in Alaska detected incr_,ased

ionization :.n _" _- ._n_ ionosphere a few seconds after the explosion.

This v-as ve_y l_ly due to the electrons from the explosion

lcaklns out the end of the magnetic mirror into the

atmosphere ";he same way as those causing the aurorae did.

Ionosg!:oric effects and the aurorae show that many

electrons are lost _romo_].v, but r_any remain trapoed too.

About lO minutes after the explosion the National Bureau of

Standards R_dio Observatory _n Peru, shovnq in Fig. %,

observed rail. noise _o,. t :_ electron belt as _t dr_fted

o<_stu'ard inl;3 vie,v of their, vc=:7 elaborate antenna• This

radio noise is cal _es_ synchrotron radiation because it was

first ident _" "_lea emitted by electrons in a synchrotron

accelerator. Charged particle':, mcvin S in a circle, as they

do in a magnetic field, e_it e]sctroma_n_tic radiation. Thls

_-< -/_"_'I" A bou.Z - .theory. A .... ._for w.__. , -it:: _skr atoz. -':.,.._--.... "÷_ ,-,a_ fiz, st
I

intro;iuce.i ':a£ _chc,t "_,',_..._eiocZr.:)::z :tovin!_': "--.:,. orbit., az-ou%d the

,._z-'afiJnte encr-_y ....._....as _lec_ ......<_.__,ule radiation

and thercfcre the oioctrons _,;ould spiral into the nucleus in

a s_.or,L'_ ' t'.:u-. The el_cottons in an atom do not continuously

_.,liL syncn_,o_ron radiation, buc other places in nature, as fern

ex&r!ple, ar_ electron in a synchrotron, do .:nit this electro-

_"agnetic radlaLion, in a synciurotron the radiation is of

high cno_g_ frequency to appear as light The lig_and radio
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noise _ 4,,_r,J.uthe Crab Nebula are bo+.h thoucht to be _77nchrotron

radiation. The electromagnetic radiation from the electrons

in the earth's field appears a_ radio noise of frequencies

u_) to a hundrad maZae_'cle.,3 and hither. The radiation is

strongly polarized, and Js oultte,i in a ver:. n_.rro'v cone

along the instananeous direction _f :notion of the electron•

This means that the radiation can be observed near the magnetic

equator easil?:, but at mid-latitudes it will be difficult to

observ3, o_,_e the electrons dc not _ove in the orooer

direction to 'srans_it radiation _n this direction. After

Starfish, only; radio ob ....v._to, ics ,:_thln 2_ ° of ths equator

observed synchrotron radiation. The first s_nal in Peru

was six minutes after the explosion, but at W:_ke Island it

took 2% _ninutcs for the s_,_,._l t:_ reach maximum This showed

that the electrons were indeed driftinz eastward as oredicted.

After an hour or so, the electrons were sufficiently dis_oersed

in longitude that a steadTr signal _':as recelvoi at the several

s_aZions, i_ar th_ equator zhls siena! ,::as _Oouz t:_cc the

lore-shot .... e;_ _ __o_c.:Tround :qoi..;_...... s_snal a_sd a, uv with a time

constant of _boat 20 days and became equal tc th.. _reshot

backsround i _:bcut once,oath, i_,cfore the Starfish oxplosion,

no synchrotron radiation was ob:_ervod from the natural belt.

The a_qount _ _.Itted -as so snail that it was hidden in the

_oize.
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_ _oe_.!ire Data

On July I0 there ",ere four satellites in orbit that had

electron deto,_tors on board and which gave useful _nformation

on _he newly _rapped particles.

apogee perigee incl_nation

_'_iEL 1207 km 393 km 51.°

I_, I010 _ 890 km 67 °

TZLST 2 5520 955 It: " 7°

TRAAC ill 0 _cu 951 k:u 32.h °

detectors

shlo!ded G?,[counter

4.7 :, ev

shielded G[,[counter,

counting severe! _.iev

electrons by 5remsstrah-

lun Z

! channel solid state
detector E > .2 _ev

e

shielded GZ_ c_unter

E > 1.6 _[ev
e

The InJ1_n satellite had beea in orbi_ a long ti_le, and

so it provld_d averT good before-after conparison of the

radiation bolt. The TRAAC det_ctor also showed a good comparison

this way, as did Ariel. _ __I,_o.,_unatelv, zhe Telstar satellite

:/as launched the _............ _ : 'ca 0 _.__r ot_r_sn, so it could not give a

ochers-after co_npar_on. This is quite unfortunate, because _

the Telstar ....+'" "__a_im_c goes Do hlg_ _.altitudes and maps out

regions of s_ace thaL are unava!.lable to th--other satellites.

The joint US-UI satellite Ariel shov:ed tha_ high energy

electrons fzc_% the bomb appeared very shortly after the

explosion a_ hish latitudes - u_ to L : 5 or more. Ariel

v_ent out of operation a week a_oer Starfish, but during this

time the flux of energetic electrons stayed high up to L : 5.
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_..A-;C detectors :2o _ ' " _'_ _ -......_c. _.,,_decay of !o:: -_"

I

a!sc !ocat_d a puddle of fission debris sits!mS on to9 of the

C.t_]iOS:)l]¢l'O If,' tiqe l'dCiTiC_ Oo_51_:uouSly omlbbin$ oleObrons

±,._o one bolt. A_se nov, electrons from the debris puddle

uill ' - ' ' _........nay<, s_=ors lives, bo_a_ they are e=ittod at lo:v

altitudes, and therefore have low mirror points _nd encounter

a fairly a<:nse a_uosphero,

The Iniiun counters mapped out the new b_lt up to lO00 km

and produc<)d the first flux contour picture of the Starfish

electrons. Injun :--_ also ...._.,_d the deca7 of these electrons

i'OD 56V_/'tlJ tZOiqL:%S.

The Tel_tar satellite produced _li of tee information above i000 km

for the first three mcnths after Starfish. The rapid decay of the electrons

above L = i. _' was observed only by ti:is satellite. The Telstar data was

used to construct several flax maps :_t different times after Starfish.
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i_v com_arin S the meas'are:uckuts of the several different

deccetera' L_avir._ c_fferen__" _ncrgy responses, the _;_o_"__v

spectrum of the now particles was deterr,ined. At about

. .. __o_s!); r_sembled a fission energy

spectrun_ thu;_ ic!cntifT,inf the decay of f',s;_ion fragme_nts

.. t,he '.u_Jcr particle scarce.

The Telstar detectors aion:_ cannot clearly tell that

the e!cc_rcns have aflssion :soectru_- they measure too

lo,J energies to do this. Abov_ lO00 km ::here only Telstar

da_a ',as avaliabic -chc assu:np_ion was made at that time

that the e] _'_:.... _ bad fisz'_n__s a energy spectrum also.

(%% no me;: this to be !ncorr_)ct).

The _}:.,e,r!,-:ien'_:_C.._Z;<fro.q Injun and _a_s_ar fo_ a

short period .<__-,?'-_'_.S_''arfis._' tvcr'.--:_organ.,Izod and .clotted, and

_- (:,. "2he -.,,_s;;-:i._n of '_ ->"arc shown ;r. F_,:.. ,_i,,_>,_stflux for the

.... _'....... _:_/cm /s_ and for the:-cd Inju-_ <_-._....._ _,,_, i0 V cl "_ ...... - "

_l.,.. ...._ ,...,.n_.j;::es_ "_jalu. is also about 10 9Oiue T ..... _ ........... a :×_ " " " ' _'

,s.c-_,: ,_,., /,: :. ; :.,to TE, e outer " "_,, . . .- _,ace of bo_u set -_ of contours

................ .- 07 / 2/ , _u;:u.._=i_ _ _:u._: of 1 eloclrons cm soc. Tne_o contours

arc onl-- a. $roxi::_:_.tcand involve so:he extrapolazions in both

caius .::!_o -_-,-.v ..... not for D__' same ti-_ (!nJun is plus

• ;h .... still are_,,,., holms ,...r..c. '.i.'_±..>,,...r _,s_,olus _ cays_ ) but _ .:_ - fairly

attar-ate and car, be co npare& reasonably, it is obvious the

..,_un co,1_our_ are much tuore comprcssea _nan the Telstar
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uo.;_3-_._. _.:._,total nu::_oer of pa_,t:.clos found oy _n_,c.b;_img

_'_"do t?:e injur, co_,_._., _:: <oa:._ :LO2 _ ...... insido

tho 'Tcistam ....... 1020 _ .:.ese

,lif'foron3o:_ !:Rye caused :-_o:*,e->roble_ts in the past, but they

- ' t,,e contou_-s ona ;.uuut

/

_._.._, . J_, _ _ -_.. . O_ _ -*_t_._and on< _,_ur_ the _,--_ i:_ _°_,ig.:;,. The count

rates of the :'_,z,_,cctors invoivod _v- been ,-:,_t_olied b--

officie, nc,< f_o .... to convert _hc c:)u_t rames into f!uxos

o#" "_-"_ssion c!.:_c-:.rons. T!,oac off.:.ei._ncy, fact _r.,,_ have been

_,_r_._ ........ ".... ._'.......... -"_-_"-e- fission ' _-_ _ = '-• ,: . o'a_., of opuctru.,,,

n,, . gl _ i _ " _ --as in Fig._ ":. . _.:_o ex_ ._:cnt _ __a _. _.,_ the different

;_ci!itas _:._.._.._:_._ t::is ':':-'.s _" .... t:__'_-......... ,_-, correct at I000 mu,

but ........................... ,'au.:.,, aS :: t ".';a:-" on!-¢ L: -_,_o s. are no'..,: quite

.......... :...... _r: "-'........ that is, the64!GZ'S'¢. ._ @LCQ'6_'O._% L _n'_,,.,., .... .-,-."_ .... ;_.'.,; r ._ .

->_, .h :-, ,-,--. " ..... _ 0 i "S 1±. :'% j,_-_*o_: s:_c_-r,,_.:':a__ " -_"_. :_ _:hcre. .._:'-_c.,._,.__'_**_Iu un detector

would not ............... '-_,_tly, theCO_?._ '_Gr.SO ;0" or..or-,]J _.'. co '-_-'-_._._,_-: _;___._ _-.

.. . , •z;"Gun _ --_cu;: -_lo -_ _- ..... -'*c -:--_ bug - '"-_star detectom

..... " " " -: _+'""'^ 4C%octoP S _ _' _-

C _'''" 31LPS '" "'_..... _n.._c::.i to LLigk,:r -,_titacle-_. :.lost oco::ls arc now

.:% i_._ .-:'_ that ' _ !o-.: .,-o-*.... tne_e :,:;crN:r electrons at ,^-t,.*,._ a!titudos

....... _tod Zmo::: the at .... -'- ezo!osion, _'_" ""h_ _ , _u_ eshor they aro

-_._,s__,,'_,.... _lectr<,::s with .cho' o_'_"_y changed or electrons from
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so:qo other soupce is not ...o.-.._c ..... -.__.no,';:,and :ur<; never be. There

do exist processes o:.at /Ill tena to uake the electrons far

re_ovod fro_= _:__ _:_p:o_ion s:.e"_ hr,-co lower oncrsios_.

fission .... _.......uv_ in _;_nur_l h"=v_ lower ener_rles than those

_:,zs_e_ early. ,.,so, the _±ec_rons hcf be slov;cd down by

interactions witi_-the -_2"--_:_ _c fielc'_ after the7 are emitted

_?f fission •_r_,,_-:_._-_ts.. ilo :-,o_ ........*..... nt_r_,:.<_s v:ere ,-.lade that

enable us to :f;cc",__e if these procosces :',zero i:i,)ortant or

.... - ..... ion ohm,, _._ ,, r of the

......f?, z_u_::L_s. _h_ro ,_rc :_ili somelow ,_n_ _ e].octFons at n_[" ait''- ......

.... Lro-q_people who as,<:, l-eL sure " _ethe-" Lno low enerC[ f _"_ _'_

' "_'" _" _<;:s_-. from the Starfish

explosion, or i_ they are n::tural and 'core there beforehand.

The :'.atuz_ai _:cl'_

in order t,> put theStarf_sh rsdiation bolt in context,

'::eshould co<_a_-e it ':n_th the n.aturai ra._.iation belt. The

fluxes of natur.o,! protons of E>3C ..:av is sho':m in Fig. (a).

Those _._#__, c;_ez_Zy protons &re vcr_;, penetratlnf:, but there are

not too :nany of them, so they are :lot too bothersot,:e from the

standpoint of _s.diation _-_.=_<,'_°_',"_,,,_.I._ F_-. (b) is sho':.-nthe

:-__., of low cu:_'-'"_v...._o_._ .... of .i<2<5 ]',ev. There is a large

f'!'o_<Of those _:.rticlcs; but they '.','illnot go through |0 _._._ _ _

so they aisc a:_ not^- other. Protons of E_IO iJev are

pt-csont in the natural bel-Z in sub.stantial numbers, and they

_.-"_ pcnctrat:':.n.2 enouixh to produce damage to thinly shielded
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solar cells. ]in order to a!'ninatc this proble_i, cover plates

of "" "_"._oouu 1/32" 0? _l.,,, are laro-_s co iuon!?7 used on sJ cells.

r _,....... _ _ .... __ q --,-_t coils "::_,: or-!y a ._,: .....s o_ S!ass covers deteriorate

rapidly in spac :).

"_ _ _o:_s _f _ > 4.0 _'_The _lux oi na:_urai e!eo __ _ ,_;v is shown in

Fis (o). m...... -:_:s particle >opu!a_:_on is not too well lcnovna,

Gs.)sciaily in the inner, radiation zono at a few thousand

k'iio::otcrs alt'tudoo it <isht be vron_ by a factor of five

or ':lore in sore,: piacos. Also, considerable time variations

occur in _'-"su:._,_O:J_ILL',_J_D_i°'"_ "__ " _*i:"."" (d) shov:s the natural

eioetron flux _'or E>l.5 Lev. Th:{i.;grou0 fluct',:ates u._ and

dovn in tltne_ _.o:iotimo: by throe o_dors of :_:ar<nitude, ;out it

"" / _9/
ral_el_; Se ÷_' ab,:>vs !0 _ el -,_-....... -_-_ _ _,_icm/sec. Th_r.e are few if

any electrons (,I"S>5 ..[¢v _n the n?.turzl belt.

_:....... n._tur:il belt --_-This qui_., survey ,_. _::::_• _,_veo somethin Z to

_ -........... :)<_J_ _b o PL?O':I .... _,..... __ ShO ODOLOiq

population i,c :_ci:iida_:lc oo:_:--',:_d to Lh,a xa5..: ....;retort popu-

!ation, i)ul !-,:-,Starf'lah oicc:Jz.o_1 -_opu!:zti<):% i: :;or:=idc:zablv

lar'L:or , and el: o Of :'_!"her ::;nersy than the zzaSur._i _loctrons.

._ .... _ .:_'.3,&s l o b f l o r _" " ..... T_uuou_{_ of _ osa. i ox31osiorl that

v:o S!IOUld cons "_ .... " o_.<, nasural.... _. ..h=_ roucsion did it have on _'_" '

bolt? ..... "....

%?i:__ %he natur:::, radia,sion bait would be s_riousl?/ d__::aged - that

,.in:i:,: particles <could be sli<kon out of it. _[ost of the

physicists in ;k,e U.S. ,7ho ",',:orked on this subject did not

believe _hat a:::f important changes ,:'ould take place on the
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:_r.gural bolt p:trsic!c::,_ and th::_t 1]-e major chance-.vou!d be

_n_,_'o_,c_x_ _ _;,ectr:_ns in the .',_+',_'s field.

_._:_n " "c.::-, US3R explosions. Tno on±y measurablo c,,_n_e

so f_<r rcporte i was a :todc<<:s-sizod one at low altibud_.

C!r;ar!:?- no 3__r:e chansas haVE; ooci:rrod on tho natuz'al high

.... _...... " " " naturalcnoz'c_; pz_otOnSo .,e cannot toll ahou_ c ..... no_ zn the

eicctrons_ b,:;c_usc they __r{; ::_ske;:!by the ar.tificial belt

electrons. Co:sidering the probl<_ theorotica!ly, it is very

,-._,, to .see hov S_arf_ .... , " _" _-,'.....

})C_CoYIt &t _-" ....... , .... L,tl_ C_, ...... .

......... _,u,. ,. ,_-<! rlot .

R .:1:'q : _ ; " 17'J ",. j . _ ,., D.C)_-i :IRA 3
i

z':kg _ _.-N{'rCO-£O %2_,L) )c,_ -., ,P_.I...4.: '. tDt-: O:'LtS, _.:._::[:_ tO

v .... _,o .... scnszt_,Jc sp.(::c sF:--,c,, 2 (¢nc ....... :::Lr.) i_ :lid nob

OP .:,,..._zr'_. _:_... Arlc].tc!:o long fc:e .;.:::::a_o_,_ to sh ....< '_...) f"S ...... "....... . T'tc

....._ ..... _ ,-::.::d 2:-/.-::;it u,. in £bcLb or.a - --e'

m**.. - "'" u._<: ..-p _- _ -t+- 9_, _:-_.o-, " :L_"_;_ sOLS.l" OCL_.; _:. _" S© S_._,_±±_/'.S v9r'c ,. ;. o,_,.,... ,-,...,ig _L;

dc'bcpiorabi.-.-_ :n.: '_o b":c ,:-::'bif:'-'"-i -_ "" ,:u=-.- 2-OCtl_OlqS i'ro.?. : _&'Pllsh,

• _ ,u out voi_,', -, o:"" a solar col I ---_o down a_ _'_- r':diat _, _. <_) L, _ ,, ur.G

exposure Coos _:._ as s]:o:.vn in _.i:£:,, _ A r.ormaliy-dcsi_ned

t..e solar usatc±'.oc :_o,:o. _ sui)P!_ "'"_ _ _':"'_'_

oucput d;'.ops t) about 80 porte --_:-bof it _-'_dasisn-cd vaiuc.

I._ . p
_,po:_. , :'to ..... "-z_:i_ ._:.'ii! "_'_ for

•-" S oa:,r s_or ___c :-on-_,, typ_ solar colic a_d or, Ariel. Ariel _- -
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"_n the nz_':_ ._ .... rcg,.or oi' 10 9 eictczons/c_-/sec *' -" __Oul_u

_-:......pu, r_,..,;_ of -:_,_ ti.-:_.e so _z-- enco'a:!ters rouch! 7 ?-Kf_

cloccronnl so :t v:co_ -,s about the _ i;<lu tin&o for the

_o::or suop!y so last ....... -_4_-_----,-_,-- The

..... cc!_ on'_ _'k_ was :,_onitored and theoutput ;-_-_._"&thc solar " _-

' !

® • _-l itz:ue history is sno::n in _ S, , The initial siov." decrease

is due to _'-vn,_ ;'atural-i:ra_na _, .oart[cles, and the sudden

,,_oo on _u±v c. is cicariy due to _;he "Graooe_ _._cct:'ons fro,q

_-_ _ lSf_. ± Ol_-i;&l _ "" _; _:"..... a di -_''_ +_ ...... n,. -ind more _a_u_on-rosistant

:J-on-P ..... - ...._ solar cez±s, ana :_.-b l'.vcd a lon.T t__;e, in the

a.._ic-,a_ .._:G;a_o_z It, injun :_Iso lasted a long time

al'G_l _ S_i_: i "; ......s_:_ occause ±_s po_.e_ :;upplsr ':,as _._sig:qed so that

.... _--_--,,--_ ' " ........ _'A.'tion, and therefore

:nero ra_za_zcn ........ :t".............cl ......:',; be desicned to have

long zzvos zn ,:::: ::.t_.:-.:.'._,- ._,_=_, o:, /;v._-L ::.:.,r,._ i_Tbenso belts_

""- : ._ :_ :Z_.Q ': Z_.I.-SZZ • E.-, '::'" _ -_,'_ :).::C'5::,t". _O ClqOOLl_tor

-,r

1

:_hic\..:.........,_.z. =:-, )e u::,_:.! +"_.._re _i-::.c bl-::_- ........_,-,r_ ..=E:7: -os_:_e.

_;O._ -......... :/C-< _ ,:._ _ _.q__ :z fisuio:c c .... ''_"," i "' of shi,:'_ :ii;n .... _'_

.!!I ru:?.ucc the dose _i!)i_):'-.t -":- f:_.CtO]" Of i0, 2 ::<::; /c "r:2 a factor

.... i.)ut it is QueueG: :LO0_ a_'& q i_':"'_' C:::2 _ ..... _ "_

(.._."-ficciC to -r_.:,uc<_ u,,,:; .'_ci:_uio._ :)7 ":ore than a i::ctor of

_000 because of thu 5._-'.'.':y _, pro iuc ---," by the electr-,_:u hitting

the shieldinL:. These :_-rays are w)r_ hard to absoi--b out.

_,_'ccnGzc:_ v;_s given Zo the p_,oote:_ of manne_ _z:zht

sb.ortly after Starfish. z'na flu:< :",a3 for one v;eek _-
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Starfl-h -.:az _.:_:_i to cs.!c:_i.ato that about i R radi:-tion dose

,.,,_d oo rccc_iv -._,_._ by an astronaut cn a s_._-o_bit L:i_ssion at

_._:_t .....t_:_.._.._7 _he t],,,_ ti_,_:" ;.LIS _]o,_, _ t.ook _lace, decay, of

•bho tr,a._,oa< S,:=_:_icics ?-,ad r.cducc_d the c:::_ected dose considcrably,

and the :_ose :-,cc6:T.vc:ivas _.,_olIunder I R. T':]:'sis less than

iS I_OOC'VO&i :in SO:,IO <_:<:=_{, X-i_a%'S d_l'i, i _ F_OZ n 3FOD±C_I.

Lu-b oonsi< =r- c',]_ •_ ........ _ ,.

a__._,_s near the o.<,uator. In t_._s resion

the c!sctrou ....¢"_._,,--_"...._h ...._- 10 9 .-:!ectrons/cm2/sec. About

3 x i0 ? ei_ctrx_s/c_:: 2 ;ires i A dc:;co Thc dose in:_ido a

[;:__oc_ ca _]su i _: r]_"]m.... ....'-,"_"<'<h_,,Cd_"Or.a f'actoP of about .{'000 bY

-( ,- / J r, - .
J_

: " .:'O: : /'£,$6

.ic.:,'_:_ X.i;...:!.':,_i',:_s ,_n,£ _opc :::-)!osions

on k'c _s =-_a_,)...b!_ co_n.)lete, it ,.vas decided after Starfish
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to .._ up ano_._i_:. _u_,__o oo inprove the covGr_tse and to

..-_.. _,_o. ,_r XV s l!to ":;as ±_..c,,..£ on

_'....-"_ ,,_n ..........._ o?. board %0 st:adz :)rotons

..... I o! "_" ..... vari .... "..... oc_.o,._., oi ous ons_tjzes, i% was put in a ,_ovt

,J.._. of i _ I c,°.:,.,, and hid an aoocoe., of [ _0 _ %_'I

a-.u-'"a perigee o:"9]o • A D')D sat_]!i%o ....]_ _,_ 1952 _'"

uo in Lhis pcpi,:,)!ulzo_ -:dth sc.voral enoi_-3etic pa-_'%ieie

dc,';cc%or ¢.....):_ -Tt _f!:is :',c._.._ 1.!%o '__._,_ .__ =q_ nnd an aDo<co

of_ 0_0 and ocri<se of _\_ Thone two orbits are nicely

..... :.... ' "}--- 7OOt1:.]!_,;._,_,,aF? _{ "ii f;iv@ _,OO<:'" " LO _.i- cover,_s.

U_ Oaco_ci-' >2_ -o _-_ _' _,,- o,ov._< _ carried out _':]e first

S "_" _-]'"_Jt _ _ .... _ -'--" _---N .- " _ '_ _ .... t. :qI!<LI C_L _L._.db :qllC__ 3_i" Qt:L)].OSiOr_S, '-2.10 dO'_COLO_S

in '2ol ..... _ ' " = " -u_= "*ccerdo:i _:is Ylc_ an._ "_tched _h,_ electrons

deoa}" quite ?u_id!'j, s.s k<C <_:c h_" ;h altitude Starfish elocbrons.

boel] i_so]%o_s %he So"7Lob::, oo-i:'.ci<;u._d "_...... "...... _,_(_ _'_¢-,"_,

_ ........ ;_._ of this v:oro " "........,_ii _u,_.,_d.

-.- ,in:!__._)Io. _. AV and i 2

..... tl)ie ........ . ,- ._. olcoc:_o:z:; }.._.,_ _:',,_ S:_vio_ (,archer ,dd exs!osion in red,

.::,._ _so ",z%:.,_, ,,s. _o_ t . Ehe _ta.,. _--t..s. "_..... eq cottons v,'nicn had

p_.._"_i%, dco;.)_,.d :i.:<:,, at t:-,<,÷ ",.:-i::c>_ in j_-en.,,,_; Various

L:_u&sur._.._t-r_s a _r.:cd ,blt&t _ho ,_leotrons at _lne inner edge

i

,,_.;',_a,.< ........ :j r:_ Zile Oil S_,t:,_L.x,-.osz ) of She no',, 3ovi_%



" -_'_-,_,....<_ h,-;ro. :'":'e x;::.Gviously% _ -' ....... :'Cl'," LOPe lOW r'" ,'_" _.... i":] ........ '_'_ " '3 -'_

: bsg,._G %'.:::tt ,_ : :!_t_ ia :_'.'-_ :unt fi on :_-,x[:_t e::. fo:-, t'::c Starfirh

O ] CO_61_OiiS , "'.0 _0,.o;' .:::_ O].oot_fnS doOO._rO(l v.,.lbh _ _;:o'_n 1 l::['e

02' ;.tbol:'t all.:: ",_o]:. _'to:i o:l ::ovot_bo-P l__ & t]_,ff_,i SovSet

g:,::)ioslon i)Po: _:o ,:'_ '- .... ; "_" " _.... ,_::c,,::e_ _ a__Iz_ial ra,iie, gio_; bd._. This

b_!t ','.'as of _::c:"e i:1_:'_i%o:_ e:.:ger.,t, -nd fit in ro':tthlv In the

, . "-" ' '_ " '_o_._ ..,, .)t_,r_'[sln. electrons.,_ti;D Oil t"].C, [tOLV.9O_: L it 0.3 %._. 9,O t_.d .... _"

_"=:.<:_'G.... _,°'',:_ i-_O -_ .:,_._-.,o t::Oj..SLli_ 3TqgtqZ S t_: "_L_ ":IRVO "OeO.q ropoPted on

' f:c_,ul d!ation b-_ _at-,y of L,:le .trt_ ..... r-I it _ _,;ncther:,= _S . _o lOt !.<_0".';1% ' '

eke o]ovio'tS }::.i. ar.:if s'itc!li*" <' " ........... ,> ..:,:'., _.Cl;lV@ a_{;. .... ""_"_ R:eL_stzPor:lonts

OYz LzlOLI' u._./_LS:_O_$_ uoa_o :1:fL1._]!11_'271(:'12%S 0!% thc artif'Icia!

_e=_ a_c co::s-bui:-,j:. ;L _,ti!i be !:%terestin _;" to sea ,.':]]at

_.f'='-, _-o !&P;:e ' '__ _co- , ._<_nac.c 2;o:'-:_; :,<ill have on o:_o art£:fic/ai

bait par'tic c: •

:_0.3::" _- _._ _............

T:q,_ }:i;,:':-:, air "_,.:_,; n-.tc'_,,oar ........,.__ ._]osiop.s of tibia_ ,'-)ast :ear

_'_,'e..... _""'vJ,-.... & : u_i::::vco opporDunitr for ....n_._o_..... st.'-tnnlnj"" the

±".l 6"6::_:.£ 4;_ _w_Z'u..: :,_ b:;<) l'&_:..O.i-Of! " _ _'- r:'n_S- exDios!or;s

::O'V'O pl"O;:l'_2C':.1_" q....''_O_"'':' :6PCiijglt;:<% :]OU'.IIJ_-C'LOIqL :_-- tl_ !p'gaLl .$drt!o-LOD ,

'," " .... S:g, DO]%_VXGI" 0 f' L:IGLg _-_ ....

...... uo_o .,_if '-' :; ol _r_ ....0_ olrtlclos.,il:-..6_ :.r:_u.,.-::i_tio_: a _- ' ..... so-'no ".......

.-:c.or',a ub.. advent of-t):cso ex,losions t _-:_..an!y <.auho -]o

_.._o.. _".let...... o indii_ect. T,- _ .... _ ....

'-'- - ' " --'- ' ",_4 "-_ _. _" "_ 'm , ',_ ' _'..'f__:. g_ S'60_::j :_o-_'GO S_,_U.,....u,.LO,_ .... .O:PO L_qe _'_'_+iol6 ..... :-_e_OFl

:_ -_-_ .... '--_ ..... _,-" "'-'- i,"le She only way to :::aasure
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u.,: ;,,t_ _ %0 -::_.<c7 :..:"",_itc' z-:,! :- ,.. .-,_ Ok-+s_.._ ,4" L -- I.?>_ f,._._ b':r,,

{, _:'OC OPc.]OI'u i' :_.':k_i-:,'dC],: +-'.....

O-',;Ogi+O:.'S SL:.i .... '&O .3O_'.i O " ..... * * '._ ;;o_u {;," 7': :i " O'd_ t:!zS " is :_ot &

_, i'-.,T. C 2" ,.. J" + .......... _.L IVOO:_<- Su._ 0:.: <)!:.1 Y!D. _ i 0i_

£'OP £.:20 °; ..... : :i.-" ..... i::s 7 .....

_<," -%g\:.t'+","::: T,",_D -+'+.0 :: :.:::'+ ,_'. :.:]1,-_, :':52.._'P-,_i <2 ',_<:,:302"-2S

''.. 1:_"$c _ C '""_, i t ,'OY!Z:i i::i +_ -.O:_< ": ;;--:_% _';._, "- ........... , ..... _l

1'u_:2i '-+_ "g,Ci. .... ;:Zu J u_+::.,+ ::+ _:!+_ Ziit1,::Z"._'_c,-,Oi z _© ]:7_0"._ ........ _, C :TLq :"- - " ::OVID

oi + tho ""_ ..... V .... "-' + _{..:r + lli_oti:::s:;_ Pnd t:no:_o+:_,:++++..,.u+-+,,.. ................ I_'0, +-:'.+,: _ " + +

.P .... ". - , :_ , ..... -i r+1 _ ,+ •-:: _]-c O'_'C_+' ,:,1::' ,.+.. ., ,: ,. .+.<Z, :,1 :+.So :::.+_- :7........ +

........... " " ' -- ....... • +±c DO obg_iii_ I",,,)_'--_ z.L_',,'t_ 2_$, f,."i ",'C_" : ...... L "_t'_:_ ;, :;_, :t,+.,.+. ._.+1)OJ;D_:_" -

......... "' _'_ " " "_'-1011 "_' _

_'i:is is c ."_::. i. - .;o:. ,: ' .+.L 3u,::u::'i.:+,:._io_ g,-; 3..+:' ..++:.loi-st:;<ncz._...:_ "

of g:_c ::.:7:-. :_t ion .... _ " <

_+i,r :<.t+_ _'_ ':.t]Z;':_ OO;*+--' U:--Z'G<: C:<[).'+ +' :.iOi_i'bZ; 51L .: "']L\CO :_IZJS.LOS

!3 :LO'b flu'... SOD:ILL.: o=O_._i_ =' .... 2.:;C.:_ 1_',;: =_OO]:L:_&,+, :, _<.,..,"." _pDO:".

...... " " "-_2 :_PO(.! +"............ _" _+-_.'J.._C.L + .... "O 7.'i:L.;!:b + ._._ ..... : +,.+++ .. ,:_._j.:i_,,_ _:_'_J .:_ ,_ ++:+ i'_,)O:'+O_

:;_A" ._, '.. ; LL:i,_<i:_L.L.t-+ ., " " " ..... _, +:_.% ::+-+:._ 3:_O_OSJ_C.,. _,L[; g:++(_; _ ......... L ...... _ Q O _

_.+ .... . + _ - , +
-C---,-, . ',-, '._+',J S::',::)(_si'+i ._.,.±-_-+ +,++ _ 5_00,_... .... L - ,-; +.+, :'O k=,_,<L ,-.:. JZ'("CL :: ,, ._-_- 4 ,-i -, , - ---,---:- :+ 4-^ -

2: :-, .... :+ ..c. ,. 0_ +" ......,_+":2c,:: or.,-; ..... u-" -;c __-_._'_,'_ -,+,,_:-" " +. ,' ._- s_t: ,.l!

............. "........ n-,- .... _": - -+t "+"_ ' but.... '"" " U..'_O,L. DI"&'JOI' --- :, ;<_.O._ LO "+_j<.+Ob O ._- ......... _ -u_,_<,S_





":'_-_ "" 7-..:i ) us undc:.::,:::_:i tho outo_ zouc of the _--,,xtural

r- . " _ - ;q_



-,_- -4- <-



. .......... L'_,; .... ' :_,2 ..... i ;.:._;. P':,__ ;,/:£. /,£22,:,:_ P_(222_-C,2

b,.:__ , \,2) ::_ [;. . 2,, ." j[" .£'_L,,.2. , ,_ _,, _(7,.7 ,:720.f---, _ 2;lpq,%,:_7.&,

(.....c/' .-,_(7 ur_£:2 -.r ..... • _> _.," ; \ ;2) 2: "ii O2©2"-j_r g--©_ <""32; Y.3 .
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